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Abstract

Purpose To describe the incidence and patterns of the spinal injuries in the victims of physical IPV.

Materials and methods With institutional review board (IRB) approval, we retrospectively reviewed patients referred to our
institution’s domestic violence intervention and prevention program with a diagnosis directly related to physical abuse between
January 2013 and June 2018. Electronic health records and radiology reports were reviewed for all patients.

Results A total of 21/688 (3%) IPV patients with 41 vertebral injuries were identified. The study population comprised of 19/21
(90%) females. Median age of the included patients was 43 years with a range of 21-72 years. All vertebral injuries were AO type
A spinal injuries. Upper lumbar spine (L1 and L2) was the most common level of injury followed by upper to mid-thoracic spine.
The reported mechanism of the injury was IPV in 8/21 (38.0%), fall in 8/21(38.0%), and incidental in 5/21 (24.0%). Ten out of 21
(48%) patients had concomitant injuries, most commonly to the craniofacial region 5/21 (23%). Psychiatry history was positive in
17/21 (81%), and substance abuse was positive in 15/21 (71%) of the patients.

Conclusion Incidence of spinal injuries is relatively low in IPV with morphologic AO type A injury being the most common type
of injury and the upper lumbar spine being the most common level of injury.

Keywords Intimate partner violence - IPV - Spine - Spinal injury - Vertebral fracture - Compression fracture - Spinal cord injury

Introduction actual physical, sexual, or psychological harm perpetrated by
a current or former spouse or a partner. It has significant im-
plications on the physical, mental, and social well-being of the

individual victims and results in a high socioeconomic burden

Nearly 1 in 4 women and 1 in 7 men have experienced severe
form of physical violence, including being struck with a hard

object, being kicked or beaten, or being burned according to
the National Intimate Partner and Sexual Violence Survey in
the USA in 2010 [1]. Intimate partner violence (IPV) is a
preventable health problem and describes a threatened or
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on the general population. While the estimation of the effect of
IPV on the mental health is immense and probably immeasurable
objectively, the estimated population economic burden reaches
up to 3.6 trillion US dollars over lifetimes of the victims with
nearly 60% of this resulting from medical costs [2].

Healthcare providers can play a critical role in detecting
IPV and preventing its perpetuation. Although screening
questionnaires have helped, the proportion of cases identified
on the basis of self-reporting represents only the tip of the
iceberg. The role of radiology in detecting IPV has only been
recently explored [3, 4]. Recognizing and documenting com-
mon and uncommon injury patterns linked to IPV on radio-
logical studies can help identify victims early and thereby
potentially saving lives.

Although common sites of IPV injuries include craniofa-
cial structures, abdominal, genital areas, and extremities, a
perpetrator could potentially avoid these known exposed sites
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and target the spine and back area, especially in the early
stages of abuse or very late in the cycle of abuse [4]. The
literature about the spinal injuries from IPV is anecdotal and
limited to a few case reports [5] or as a small part of descrip-
tive studies [6] assessing injuries in the IPV victims without
attention to spine-specific findings. Therefore, the purpose of
our study is to improve early identification of IPV by recog-
nizing the incidence, patterns, and distribution of spinal inju-
ries seen in known victims.

Materials and methods
Patient selection

IRB approval was obtained, and informed consent was waived
for our Human Insurance Portability and Accountability act
(HIPAA) compliant retrospective observational cohort study.
We searched the electronic medical records of our large tertiary
care academic hospital for patients referred to the domestic vio-
lence intervention and prevention program with a history of IPV
between January 2013 and June 2018, resulting in a total of 1248
unique patients. Using our institutional research patient data reg-
istry, we excluded 580 patients with no radiological studies. The
remaining 688 patients had imaging studies and were analyzed
for injuries. Four emergency radiology fellows reviewed all the
radiology reports of the remaining 688 patients to identify those
with spinal injuries. Six hundred sixty-seven patients with nega-
tive spine CT (n=667) were excluded, and a total of 21 IPV
patients with spinal injuries constituted the final cohort.

Record review

Electronic health record (EHR) was reviewed for age, sex, race,
and medical information, including a history of substance abuse,
presence of mental illness, type of insurance (private or public),
and presence of other concomitant injuries for all 21 patients. The
reported mechanism of injury and documentation of screening
for IPV at the time of the injury was also recorded.

Analysis of the spinal injuries The injuries were divided into 3
groups based on the reported mechanism of the injury and
estimated age of injury on imaging studies (Table 1). We used
AOQ spine classification to describe the type of injury with type
A (compression), type B (tension band disruption), and type C
(displacement/translation) injuries [7, 8]. For the location of
the fracture, we reported the level of fracture and divided
fractures into vertebral “body” and vertebral “process” frac-
tures. Vertebral process fractures included fractures of the
transverse process, lamina, pedicle, and spinous process.

Data entry and statistical analysis Data entry and analysis was
performed in Research Electronic Data Capture (REDCap) [9].
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Table 1  Demographics and pattern of vertebral injuries related to
physical [PV
Parameter IPV with  Fall with Chronic or Total
acute acute age (n=21)
injuries injuries indeterminate
n=3) (n=6) injuries
(n=12)
No. of 7 11 20 38
vertebrae
injured
No. of 8 13 20 41
fractures
Age (years)* 30 (21-49) 42 (30-72) 50 (29-71) 43 (21-72)
Gender
Female 3 (100) 6 (100) 10 (83.3) 19 (90)
Psychiatry Hx
Yes 3 (100) 5(83.3) 9 (75) 17 (81)
No 0 (0) 1(16.7) 3 (25) 4(19)
Substance abuse
Yes 2(67) 5(83.3) 8 (66.7) 15 (71)
No 1(33) 1(16.7) 4 (33.3) 6 (29)
Mechanism of injury
IPV 3 (100) 0(0) 541.7) 8 (38)
Fall 0 (0) 6 (100) 2 (16.7) 8 (38)
Incidental 0 (0) 0 (0) 541.7) 5(24)
Location of fractures
Vertebral ~ 5(63) 8 (61.5) 20 (100) 33 (80)
body
Vertebral ~ 3(37) 5(38.5) 0 (0) 8 (20)
process
Type of body fracture
AOtype A 5 8 20 33
AOtypeB 0 0 0 0
AOtypeC 0 0 0 0
Distribution  Transverse Lamina (1, 0 (0) Lamina
in process 20.0%), 2,25%),
posterior (2,66.7- transverse transverse
element %), process process
injuries Lami na 4, (6, 75%
(1, 33%) 80.0%),
Concomitant  Yes (2, Yes (2, Yes (6, Yes (1021,
injuries 66.7%), 33.3%) 50.0%) 47.6%)

Unless otherwise specified, data are numbers, with percentages in
parentheses

*Data are medians, with ranges in parentheses

[PV intimate partner violence

Results

Demographics and risk factors Nineteen out of 21 patients
(90%) were women with a median age of 43 years and a range
of 21-72 years. The distribution included Caucasian (15,
71.0%), African American (5, 24.0%), and Hispanic (1,
5.0%) patients. Fifteen out of 21 (71%) had public insurance,
and 4/21 (19%) patients had private insurance. There was a
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history of psychiatric illness in 17/21 (81%) and substance
abuse in 15/21 (71%) patients.

Injury reporting and IPV documentation The reported mech-
anisms of the spinal injury in the ED were assault by an inti-
mate partner (8/21, 38.0%) and fall (8/21, 38.0%). In 5/21
(24%) patients, there was no reported history of trauma. [PV
screening was documented at the time of injury in 12/21
(57%) of the patients. Eighteen out of 21 (86%) patients had
IPV documented in their EHR either at the time of current
injury or prior to the current injury. Three out of 21 (14%)
had no reported IPV in their chart; however, all 21 patients
subsequently reported IPV to the violence prevention
program.

Groups These patients were divided into three groups
based on the reported mechanism of the injury and age
of the vertebral injury (Table 1). Group 1 was comprised
of patients with acute injuries on imaging and those who
reported assault by an intimate partner at the time of pre-
sentation to the ED (n=3). Group 2 included patients
with acute injuries who reported the mechanism of injury
as fall to the ED physician (n=6). Group 3 comprised of
age indeterminate or chronic injuries on imaging irrespec-
tive of the reported history (n=12).

Injury location and pattern A total of 41 spine injuries were
identified in 21 patients, involving 38 vertebrae. In total, 33/41
(80%) were vertebral body injuries, and 8/41 (20%) were ver-
tebral process injuries. All injuries were AO type A injuries,
with no type B or type C injuries. The most common level of
the spinal injury was L1 (8/41, 19.5%) followed by L2 (4/41,
9.8%) and L4 (4/41, 9.8%). The next common site was upper
and mid-thoracic spine with T2 (2/41, 4.9%), T3 (3/41, 7.3%),
T4 (2/41, 4.9%), TS (3/41, 7.3%), and T6 (2/41, 4.9%).

Group 1 consisted of 3 female patients, with a median age
of 30 years and a range of 2149 years. All three of these
patients presented to the ED and reported getting assaulted
by an intimate partner. A total of 8 vertebral injuries with 5
vertebral body and 3 vertebral process injuries were seen in
this group. The first patient underwent MRI of the spine and
found to have mild superior end-plate compression deformi-
ties of the C7, T2, T3, and T4 vertebral bodies with 20-25%
height loss classified as AO type Al injury (Fig. 1). There was
mild edema in the interspinous ligaments but intact ALL,
PLL, and ligamentum flavum in keeping with hyperflexion
injury. The second patient demonstrated acute fractures of
the left transverse processes of the L1 and L2 on CT of the
lumbar spine (AO type A0 injury) (Fig. 2). The third patient in
this group presented with a gunshot wound (GSW) to the
abdomen by her intimate partner. Her CT of the lumbar spine
demonstrated AO type A4 burst compression fracture of the
L4 with a right laminar fracture.

Group 2 consisted of 6 female patients, with a median age
of 42 years and a range of 3072 years. A total of 13 vertebral
injuries were seen in this group of patients with 8 vertebral
body and 5 vertebral process fractures. Vertebral process frac-
tures consisted of 4 transverse process and 1 lamina fractures,
in keeping with AO type A0 or Al type of injuries. The most
common level of injury in this group was T5 (3, 23.1%),
followed by L1 (2, 15.4%) and L2 (2, 15.4%) (Fig. 3).
There was one injury each in Coccyx (1, 7.7%), L4 (1,
7.7%), Sacrum (1, 7.7%), T4 (1, 7.7%), T6 (1, 7.7%), and
T7 (1, 7.7%).

Group 3 consisted of 12 patients with 2 males (16.7%) and
10 females (83.3%), with a median age of 50 years and a range
0f 29-71 years. A total of 20 vertebral injuries were identified
in this group with 3/20 chronic (15.0%) and 17/20 age inde-
terminate (85.0%) injuries. All the injuries were AO type Al
(20/20, 100.0%). There were no vertebral process injuries.
The most common level of injury was L1 (5, 25.0%), followed
by T3 (2, 10.0%) and T12 (2, 10.0%). There was one injury
each in C2 (1, 5.0%), C6 (1, 5.0%), L2 (1, 5.0%), L3 (1,
5.0%), L4 (1, 5.0%), Sacrum (1, 5.0%), T1 (1, 5.0%), T2 (1,
5.0%), T6 (1, 5.0%), T8 (1, 5.0%), and T10 (1, 5.0%).

Concomitant injuries Concomitant soft tissue or osseous inju-
ries were identified in 10/21 (48%) patients; 2/3 in the first
group, 2/6 in the second group, and 6/12 in the third group. Of
these, craniofacial injuries were the most common, being seen
in 5/21 (24%) patients; 1 from group 1, 1 from group 2, and 3
from group 3. A total of 7 craniofacial injuries were observed
on radiological studies in these 5 patients, distributed as 2 soft
tissue hematomas, 1 nasal bone fracture, 1 orbital floor frac-
ture, 1 cerebral contusion, 1 subdural hemorrhage, and 1 facial
laceration.

The other concomitant injuries were as follows: one of the
group 1 patients with GSW had an abdominal injury in the
form of small bowel mesentery laceration. One of the group 2
patients had a concomitant grade 2 splenic laceration and ster-
nal fracture. There were 3 patients diagnosed with extremity
fractures: 1 femur fracture (group 1), 1 distal tibia fracture
(group 2), and 1 distal humerus fracture (group 2).

Discussion

In summary, we have evaluated 21 patients with I[PV with a
total of 41 vertebral injuries, involving 38 vertebrae, with the
majority being female patients 90% (19/21) with an average
age of 43 years. All vertebral injuries were AO type A injuries
with no type B or C injuries. The most common level of injury
was the upper lumbar spine (L1 and L2) followed by the upper
and mid-thoracic spine. None of these patients had any dis-
traction of the spine, spinal canal compromise, or spinal cord
injury. History of substance abuse was positive in 71% victims
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Fig. 1 30-year-old female with
reported IPV. Sagittal MRI of the
spine with T2W (a) and TIW

(b) images show acute compres-
sion fracture of the C7, T2, T3,
and T4 vertebral bodies

(15/21), and psychiatric illness was positive in 80% victims
(17/21). Forty-eight percent of the patients (10/21) had con-
comitant soft tissue or osseous injuries with craniofacial inju-
ries being the most common (23%).

IPV was documented in 86% of the patients in our study
group either at the time of the injury or prior to the current
episode. Of note, in 14% of the patients, IPV was not docu-
mented in the chart, although these patients subsequently re-
ported IPV at our institution’s violence prevention program.
This goes on to reiterate the fact that the victims of IPV often

Fig. 2 49-year-old female with reported IPV. Axial CT abdomen images Fig. 3 30-year-old female with reported fall. Sagittal CT of the lumbar
at the level of L1 shows minimally displaced fracture of the left transverse spine shows acute mild compression fractures of L1 and L2 with avulsion
process of the superior-anterior aspects
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conceal their abusive relationship, and many times, physical
injures may be inconsistent with the reported mechanism. It is,
therefore, essential for the radiologists to be familiar with typ-
ical and atypical injury patterns that can be seen on radiolog-
ical studies with IPV. This has especially become critical with
the exacerbation of IPV during the COVID-19 pandemic era
and with ED physicians being overwhelmed with treating
COVID-19 patients and other healthcare providers following
the social distancing measures, thereby missing the opportu-
nities [10, 11].

Similar to prior studies, 90% of IPV victims in our study
cohort were women [1, 12, 13]. Approximately 22 to 39% of
women in the USA report some form of physical violence by
their partners in their lifetime; however, the proportion of
women reporting [PV in the ED or to their healthcare pro-
viders still represents the tip of the iceberg [14, 15].
Wadman et al. found that only 25% of the victims of domestic
violence-related homicides were identified during multiple
ED visits at least 2 years prior to the homicide [16]. Even in
our cohort of known IPV victims, 14% of patients did not
have any documentation of IPV in their EHR. All these pa-
tients subsequently reported IPV to our institution’s’ domestic
violence intervention and prevention program. Still, some of
these patients either did not feel comfortable sharing the his-
tory or were not provided a safe environment to report IPV to
the ED physician or a healthcare provider.

Depression or chronic mental illness has been demonstrat-
ed to be an important risk factor for exposure to IPV [17, 18].
The history of mental illness also increases the risk of subse-
quent ill health among the victims [18]. Eighty percent of the
victims in our study had a history of psychiatric illness auxil-
iary to the results from the prior studies. Substance abuse has
also been linked to the high incidence of IPV [19]. Although it
is difficult to assess whether the substance abuse led to the
IPV or vice versa, 71% of our patients had a history of sub-
stance abuse documented in their chart.

The incidence of the spinal injuries in our cohort was rela-
tively low (3%), supporting the common notion that the spine
is not a typical target site of abuse. This could also be related
to the fact that the most common mechanism of inflicting
injury in these victims is blunt force trauma with a fist or with
a blunt object [20, 21]. The most common location of the
spinal injury was the vertebral body, with all injuries consis-
tent with AO type A injury, suggesting hyperflexion as the
most common underlying mechanism of injury. AO type B
and C injuries which involve posterior tension band or trans-
lation and distraction injuries are associated with higher ener-
gy mechanisms such as vertical compression or seat belt inju-
ry and involve a different vector and intensity of the force [22,
23]. A whiplash-type injury of the spine can occur with non-
fatal strangulation because of the violent pulling, pushing, and
shaking of the neck by the perpetrator. Our first patient had
sustained a classic whiplash, hyperflexion injury of the

cervicothoracic junction from being shoved against a wall.
Similarly, forceful pulling or lifting with victim resisting and
the spine turning away from the perpetrator can result in avul-
sion fractures of the transverse processes. This was evident in
our second patient, who sustained avulsion fractures of the left
transverse processes of L1 and L2 likely related to lateral
flexion and rotation due to psoas contraction.

The most common level of injury in our patients was the
upper lumbar spine (12 out of 38; 32%), similar to the general
population. However, the upper to mid-thoracic spine (11 out
of 38) was the second most common region, and only 3/38
fractures were seen in the cervical spine, unlike the general
population. Although C2 is the most common level of fracture
in the general population after thoracolumbar junction frac-
tures [24], our cohort had only one patient with C2 fracture.
None of our patients had any spinal cord injury. Our study
group included one patient with a gunshot wound who had
bullet fragments in the lumbar spinal canal. Escalating vio-
lence by partners has been observed as the leading cause of
homicide in IPV, and penetrating injury like gunshot reflects
this later stage of IPV or the most severe form [25].

The most commonly associated injury in our cohort was
craniofacial injury (5/21). This is not surprising as the head
and face are the most commonly injured parts of the body in
the victims of IPV [26, 27]. The most common location of the
facial injury is the middle third of the face, and in our cohort,
there was a nasal bone fracture and an orbital wall fracture.

Our study had several limitations. The retrospective design
and a single institution study carry the inherent patient selec-
tion bias resulting from the demographics of the population
served by the institution. Although we reviewed imaging data
of the 688 IPV patients, only 21 patients had spine injuries,
limiting the analysis of spinal injuries linked to IPV. Because
of significant underreporting of IPV at the time of injury and
lack of causal relationship with each injury, we included all
injuries besides the IPV as the reported mechanism of injury.
However, this could have falsely elevated the number of [PV
patients with spine injuries. Finally, it is essential to have a
control population to conclude that the injury patterns and
locations that we have observed in this study are specific to
IPV. However, given high underreporting, it is almost impos-
sible to establish a control group for IPV. We believe our
study would create awareness of I[PV among radiologists, es-
pecially emergency radiologists who often are the first to in-
terpret such studies and can thus save lives by facilitating early
detection. To our knowledge, this is the first scientific study
describing spine injuries in known victims of IPV. Our results
need further validation with prospective case control and
multicentre studies.

In conclusion, the incidence of the spinal injuries is rela-
tively low in the victims of IPV with morphological AO type
A fracture being the most common type of spinal injury,
consisting of mild vertebral body compression and avulsion
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fractures. The upper lumbar spine was the most common level
of vertebral injury followed by the upper thoracic spine re-
gion, and spinal cord injury was not seen in any of the sub-
jects. A hyperflexion spine trauma without an appropriate his-
tory of vehicular deceleration injury could raise the suspicion
of IPV. These results will need further validation with pro-
spective case control and larger multicenter studies.
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